Свободные колебания бесконечной пластинки, усиленной рёбрами жёсткости Исследуются свободные колебания бесконечной прямоугольной пластинки, усиленной периодически расположенными поперечными одинаковыми рёбрами жёсткости, изготовленными из другого более прочного материала. Определяются оптимальные геометрические параметры конструкции, обеспечивающие при её постоянном весе наибольшее значение низшей частоты свободных колебаний. Для сравнения исследуются также случаи, когда рёбра заменяются равными с ними по весу дополнительными нижним слоем, или одинаковыми наружными слоями пластинки. Показывается, что наибольшего значения низшей частоты свободных колебаний можно достичь в случае усиления пластинки рёбрами жёсткости.
The natural vibrations of the infinitely long plate with a width b , by the thickness 1 h , hinge-supported on two opposite sides 0 y = and y b = , strengthened by transverse periodically located at a distance a from each other identical stiffening ribs with the dimensions of the cross section r r h h α × , are examined ( Fig.1) . Fig.1 The problem of determining the optimum dimensions of the cross section of ribs and distance between them, which with the retention of the total weight of ribs ensure the greatest value of lowest frequency of the natural vibrations, is posed. 
where ( )
ν -density, the modulus of elasticity and Poisson ratio of the material of plate.
Solution of equation (1), satisfactory to the conditions for hinged support on the long sides of the plate
is assumed in the form:
where: 
Here 0 C -the torsion stiffness of rib, determined from the formula: 
where 2 E and 2 ν -the modulus of elasticity and Poisson ratio of the material of rib.
The satisfaction of conditions (5) and (6) leads to the uniform system of equations relative to coefficients im C , from the condition for existence of nontrivial solution of which the transcendental equation relative to the coefficient m k is obtained: ρ -material density of rib.
The satisfaction of conditions (5) and (8) 
The satisfaction of conditions (10) and (11) leads to the uniform system of equations relative to coefficients im C , and the value of the coefficient m k will be determined from the transcendental equation: 
Thus of the value of the coefficient m k for the assigned geometric and physic mechanical parameters of construction will be determined from the equations (7), (9) 
The determination of the optimum geometric parameters of construction is reduced to the following problem of nonlinear programming:
To find:
with the limitations:
The limitations in the form of equalities (16) correspond to equations (7), (9), (12) and to condition (14), while the limitations in the form of inequalities (17) are caused by the limits of applicability for of the stiffening ribs of the classical theory of beams.
Problem (15) - (17) is solved by the method of the deformed polyhedron in combination with the method of straight search [5] , from where the greatest value of the lowest natural vibration frequency ω and the corresponding values of the parameters r h , α and a are determined.
Obtained value of the lowest natural vibration frequency of the plate, strengthened by stiffening ribs is compared with values, obtained for the cases, when the ribs of plate are substituted equal to them by the weight by additional lower layer with thickness 2 h , or two outer layers with thickness 2 2 h , symmetrically located relative to the middle plane of plate (Fig.2) . 
where:
D , C and K -correspondingly the flexion stiffness, tension stiffness and mutual influence of flexion and tension stiffness of two-layered plate. 
In the case of three-layered plate the natural vibration frequencies will be determined according to the formula:
where
Thus, from the solution of problem (15) - (17) and by the formulas (18), (20) As the results of calculation show, the greatest values of the lowest natural vibration frequency are obtained during the optimum strengthening of plate by stiffening ribs. In this case an increase in the lowest natural vibration frequency in comparison with the plate, strengthened by outer layers, is substantial for comparatively thin plates. So with 1 0.008 h = it composes 40%, and with 1 0.02 h = -13%.
It should be noted that strengthening plate by the symmetrically located outer layers in comparison with the case of two-layered plate is more effective, since it leads to an increase in the lowest natural vibration frequency to 30%.
In Fig.3 (Fig.3) .
Fig.33
As can be seen from the graphs the optimum design of construction corresponds to the symmetrical general mode of vibrations. 
